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Background: Enlarged perivascular space (ePVS) is recently reported to be associated with
cerebral small vessel disease (SVD) and Alzheimer’s disease (AD). The topographical location
of ePVS may relate to the underlying pathology; basal ganglia (BG)-ePVS has been associated
with cerebral vascular diseases and centrum semi-ovale (CSO)-ePVS associated with cerebral
amyloid angiopathy (CAA). However, the effects of ePVS on various neurological conditions
remain still controversial. To investigate the clinical relevance of ePVS in neurodegenerative
diseases, we tested relationships between ePVS and cognition, markers of SVD, vascular risk
factors, or amyloid pathology.

Methods: We retrospectively reviewed 292 patients (133 AD dementia, 106 mild cognitive
impairment, 39 other neurodegenerative diseases, 14 subjective cognitive decline) who
underwent both amyloid positron emission tomography and brain magnetic resonance
imaging. Vascular risk factors and cognitive tests results were collected. The ePVS in the BG
and CSO, SVD markers and the volume of white matter hyperintensities were measured.
Results: There were no significant differences in the severity and distribution of ePVS among

Address for correspondence clinical syndromes. Both BG- and CSO-ePVS were not related to cognitive function. Patients
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Conclusions: Our findings support that ePVS has different underlying pathologies according
to the cerebral topography. BG-ePVS would be attributed to hypertensive angiopathy
considering the relation with SVD markers, whereas and CSO-ePVS would be attributed to
CAA considering the association with amyloid pathology.
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Patients with amyloid PET among outpatients of
the departments of neurology at PNUH
(2015.7t02022.2)

(N=627)

| Excluded (N=320)
"| -Noavailable recent MRI

A4

Patients with MRI (T4, T2, T2 FLAIR,SWI)
(N=307)

Excluded (N=15)

- Structural lesion

»| Acuteinfarction (N=3)
Oldinfarction (N=5)

Acute hemorrhage (N=3)
Encephalomalatic change (N=4),

Analyzed (N=292)

l
v v v L4
ADD || Mcl || OND || scD
(N=133) | | (N=106) | | (N=39) | | (N=14)

Figure 1. Patient selection diagram. PET; positron emission to-
mography, PNUH; Pusan National University Hospital, N; num-
bers, MRI; magnetic resonance imaging, FLAIR; fluid-attenuated
inversion recovery, SWI; susceptibility-weighted image, ADD;
Alzheimer's disease dementia, MCl; mild cognitive impairment,
OND; other neurodegenerative diseases, SCD; subjective cognitive
decline.

2. | MRI

% MRI&= 3-T MR Scanner (Verio, Skyra I or II, MAG-
NETOM Trio A tim; Siemens, Miinchen, Germany)S
o]-gsto] 5sI3inh B didAtolA 3D T1 2234, T2
B29AFe ZSIAL, T2 2349 544 8iE $(matrix
size)x= 358x5129t}. 2684 HA| T3] 5 -4
(fluid-attenuated inversion recovery, FLAIR)S X§l5
A=l 20989014 EH FA 2 mm, 59904 dH A 5
mmE A5}t 286704 AFet&7k2 Y d(susceptibil-

ity-weighted image, SW= Z33t 942 EY
3.ePVS &H

ePVS+= standards for reporting vascular changes on
neuroimaging (STRIVE)ol| AA|% wWFHo| afet MRI T2 7
29NN AT =S Hol= 3 mm o5t Aal 5, &
2 A% A9 AA7L £ ¥HoE et BG-
ePVS+ F9w A (anterior commissure)e] HFE 9] ©H
oA ZAst 9% /MeE T Alo] HiS oAk
CSO-ePVSE 71& XA (lateral ventricle)d] B2 9] ¢
oNA ot #9-2 Mg O Ao Bag otk
ePVS9 == #9355 a7t B2 &9 o] w53 A
(0, 0 PVS: 1, <10 PVS; 2, 11-20 PVS; 3, 21-40 PVS; 4,
>40 PVS)Z FESILL o] 5 ez F SA(EL 24,
53 HAx 0-1; &2 94, 58 Ak 2-49)= o] £4513
tHFig. 2).
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Grade0,1<10ePVS Grade 2,11-20ePVS

Low degree

Grade 3,21-40ePVS
Highdegree

Grade 4,40ePVS

Figure 2. Examples of ePVS. Examples of CSO-ePVS were seen in upper row and examples of BG-ePVS in lower row. ePVS; enlarged peri-

vascular space, CSO; centrum semi-ovale, BG; basal ganglia.
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test, K-BNT]), A&7 KA 127] AAHclock drawing
test, CDTI, #lo] B&%=q FAAHRey-Osterrieth complex
figure test, RCFTI), 719Z(X& Aolgh<5 HAHSeoul ver-
bal learning test, SVLT], RCFT £Z34}, X434, A
L AAD, AFA/7 AgoltE 4
Atlcontrolled oral word association test, COWAT]2]
S A4 [phonemic fluencyl AAE Sh=o AMtoj7k4d
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oA AR H7} A (clinical dementia rating scale,

CDR)E Z745to] Au)9] F55E8 B7IS5k
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Ee Ao Hls) @kl T A2 g=stolny A

23} ARG ohZoIA] Zek A gkl wls) 3k
o s B8 $EL ) 24 EAHCR S8 o7}
oItk APOE E4 784 Ssfoluhy XulzolA] f.ols}

A @ty Amyloid-PETY] AlZHA BH71E &5 od=Zo|=
&S vl aotgle v g=sto|wyy Aol thE Al 2ol
H[g]| ofg 20| = of4do] Wkt d=sto|mry At} 7]e
Y Agkol A AERAXA oSt 3 Q1A Aottol

H|5to] MMSE, 57F4] QJIAG9GE z-score= R33! CDRS
=tk 18 G Y] $olA BAZC R [-o3t Xfol7t
RAoH F3 Q1A] AstFol|A AAEFS 7H HEo] =9k

ot G333 &8 Yl ol 525t Zol7E glgle
U A8 A2 dzsto|HH Xufto] HERIX|A oL E
o wotth ] #olA BG-ePVSet CSO-ePVS 25 Bt A
oA foJgt Zol7t YN F AR T, 22 BA)RE
EFYES W= H3x9] 2po]E Ho|A| GFktH(Table 1).

2. ePVS ZE0f| WE 2AX|7|s1te| AHEd

ePVSe} QA7) ATAS Lot 7] gl Lut Ag
ndls A8ot9t} w2 9A 9 BG-ePVS= MMSE, 57H

7153} d=ho] 919l oL}, FDR EA-S Al3)shd duAdo] Abgk
I YA A7) s ARLE Fogt Aol ¢litH(Table
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Table 1. Demographics, clinical characteristics and ePVS according to clinical diagnostic groups

Characteristic Total (n=292) ADD (n=133) MCI (n=106) OND (n=39) SCD (n=14) p-value
Age (years) 717492 73.6+88 711486 67.9+10.9° 69.7+7.7 0.002
Sex

Male 100 (34.2) 48 (36.1) 36 (34.0) 13 (33.3) 3(214) 0.743

Female 192 (65.8) 85 (63.9) 70 (66.0) 26 (66.7) 11(78.6) 0.743
Age at onset (years) 67.4+10.5 69.3+9.6 67.4+9.6 62.1+14.4° 63.9+7.4 0.002
EOCD 91(312) 36 (27.1) 31(29.2) 17 (43.6) 7(50.0) 0.096
LOCD 201 (68.8) 97 (72.9) 75 (56.4) 22 (56.4) 7 (50.0) 0.096
Education (years) 98+4.8 96451 10.0+4.5 93241 12.1+4.8 0.255
APOE E4
Negative 148 (51.7) 59 (45.0) 54 (50.9) 25 (714) 10 (71.4) 0.019
Positive 138 (48.3) 72 (55.0) 52 (49.1) 10 (28.6) 4 (28.6) 0.019
Amyloid-PET visual assessment

Negative 127 (43.5) 32 (24.1) 52 (49.1) 35(89.7) 8 (57.1) <0001

Positive 165 (56.5) 101 (75.9) 54 (50.9) 4(10.3) 6 (42.9) <0001
MMSE 215459 18.7+6.1° 24.6+3.2% 201+6.0° 27.9+19 <0.001
CDR 0.9+0.6 12+0.7° 0.5+0.1 11207 0.5+0.0 <0.001
Attention_z -04+12 06413 -0.1+1.1°¢ 07409 07406 <0007
Language_z 1629 -22+3.0°¢ 06417 37+42° 07406 <0.001
Visuospatial_z -2.4+31 -34434¢ -12415° -41+41° 0.0+12 <0.001
Memory_z 2115 -2.9+11% 14114 29+17° 0.7+07 <0007
Executive_z 23+23 3322 13414 -4.0+2.9” 0.9+05 <0.001
Diabetes

No 243 (83.8) 107 (80.5) 91(85.8) 33 (84.6) 12 (100.0) 0.288

Yes 47 (16.2) 26 (19.5) 15 (14.2) 6 (15.4) 0(0.0) 0.288
Hypertension

No 169 (58.3) 72 (54.) 64 (60.4) 25 (64.1) 8 (66.7) 0.568

Yes 121(417) 61(45.9) 42 (39.6) 14 (35.9) 4(333) 0.568
Hyperlipidemia

No 234(80.7) 112 (84.2) 82 (77.4) 35(89.7) 5(417) 0.001

Yes 56 (19.3) 21(15.8) 24 (22.6) 4(10.3) 7 (58.3) 0.007
Lacunes

No 211 (78.7) 101(80.8) 71(72.4) 27 (818) 14 (100.0) 0.109

Yes 57 (213) 24.(19.2) 27 (27.6) 6(18.2) 0(0.0) 0.109
Microbleeds

No 216 (75.3) 95 (72.5) 81(77.0) 30 (81.1) 10 (714) 0.679

Yes 71(24.7) 36 (27.5) 24 (22.9) 7(18.9) 4(28.6) 0.679
WMH volume (mm?) 9,7513+17,8469  12,9718+23,2156°  6,332.2+102521  10,237.6+12,6000  4,207.6+5,788.2 0.006
ePVS BG mean 10.0+8.8 10.2+8.4 10.1+8.8 9.8+10.1 85+9.4 0.600
ePVS BG severity 0.600

Low 185 (63.4) 80 (60.2) 68 (64.2) 27 (69.2) 10 (71.4)

High 107 (36.6) 53 (39.8) 38 (35.8) 12 (30.8) 4 (28.6)
ePVS CSO mean 10.0+6.8 98+6.7 10.0£6.3 97468 13.2+10.5 0.779
ePVS CSO severity 0.291

Low 173 (59.2) 85 (63.9) 58 (54.7) 24 (61.5) 6 (42.9)

High 119 (40.8) 48 (36.1) 48 (45.3) 15 (38.5) 8 (57.1)

Values are presented as meantstandard deviation or number (%).

ePVS; enlarged perivascular space, ADD; Alzheimer’s disease dementia, MCl; mild cognitive impairment, OND; other neurodegenerative diseases, SCD;
subjective cognitive decline, EOCD; early onset cognitive decline, LOCD; late onset cognitive decline, APOE; apolipoprotein E, PET; positron emission
tomography, MMSE; mini-mental state examination, CDR; clinical dementia rating, WMH; white matter hyperintensity, BG; basal ganglia, CSO; centrum
semiovale.

The significant differences among ADD, MCl, OND and SCD were indicated as °p<0.05 versus ADD, °p<0.05 versus SCD, ‘p<0.05 versus MCl, %p<0.05
versus OND.

286 CistilADists|X| M41# M4z, 2023



i

o et
N
N
N
i

i
o 2
L Jo
)
1o
r.l
)
o,
¥9,
32,
Sl
o,
iz}
KU
o,
Iy
o
22
(o]

rlo
i
2
1o
i
i
)
pac)
3,
=
o
)
)
@)
1%2)
O
o

=
<
%)
1o

ox
flo
k5
Ir
i
o~
ek
r.l
iy
ok
N,
|
go o F
ek
)
e}
QA
-0,
>
rir
zQ,
%2,
k1
o

d
oty
=3}
Mr ol
>
o
>
=
_?L
14
&
9,
£
62
o,
oX,
129
2
S
£
b
N

4. ePVSe OIXU 20| = Ha|

& 292 F 12778°] otd&o]E 58013 1657°] oFd
Fo|E gpyolqltt. A%, A, T ddY, 1% Sl &
9J3t 2}o]7} QIQlaL op Zol & oFAlol| A APOE E4 - 34}
O} grzstolufry ZJufj SEAp7} @okth opd 2o Aol A
MMSE 47} -2J51A] 9t CDR A& © &94tt 7]
oL ofRo|t FAto] F/dToll Hlsh Aokl UL
U 1 9] o RG] B7tlME FOfst AolE HolA| ¢
Atk G FHEL ofUR|E ST H =4I B34
A SgollA o Boteh HuAEE s WEwd-8 A4

oIt 2}l 7} Qioict. ePVSY] X E v WatRS uf, ol
BolE ZAollA Fgtoll Bl BG-ePVSS] Batgtol =
U -2 BA Y BG-ePVS7t B Tokout CSO-ePVSE &
oA Rt ZFol7t QIitk(Table 4). 2AAE 3]7] £4]

Table 2. Results of general linear model analyses on the association of ePVS with cognitive function

High degree of BG-ePVS

High degree of CSO-ePVS

Cognitive function

MS F p-value MS F p-value p-value®
MMSE 1.859 0.076 0.783 59.841 2.461 0118 0.354
Attention 0.235 0.166 0.684 1262 0.896 0.345 0.414
Language 14.536 0.586 0.445 0.010 0.001 0.971 0971
Memory 0.647 0.39%4 0.531 2323 1420 0.235 0414
Visuospatial function 4.469 0.582 0.446 32.092 4.241 0.041 0.246
Executive function 3.556 0.790 0.375 4.940 1.099 0.295 0.414

ePVS; enlarged perivascular space, BG; basal ganglia, CSO; centrum semiovale, MS; mean squares, MMSE; mini-mental state examination.
°p-value was obtained after false discovery rate correction.

Table 3. Logistic regression analyses for predictors of high degree ePVS

BG-ePVS® CSO-ePVS*
Characteristic
B OR (95% Cl) p-value B OR (95% Cl) p-value

Amyloid PET positivity -0.779 0.459 (0.214-0.983) 0.045 0.592 1.808 (0.927-3.528) 0.082
Hypertension 0.588 1.800 (0.897-3.612) 0.098 -0.243 0.785 (0.425-1.449) 0.438
Diabetes -0.509 0.601(0.244-1.479) 0.268 -0.047 0.954 (0.440-2.068) 0.905
Hyperlipidemia -0.131 0.877 (0.385-1.998) 0.755 0.670 1.955 (0.961-3.978) 0.064
WMH volume 0.000 1.000 (1.000-1.000) 0323 0.000 1.000 (1.000-1.000) 0612
Microbleeds 0.616 1.852 (0.865-3.964) 0.112 -0.619 0.538 (0.270-1.074) 0.079
Lacunes 1.266 3.546 (1.624-7.742) 0.001 0.505 1.656 (0.796-3.445) 0177

ePVS; enlarged perivascular space, BG; basal ganglia, CSO; centrum semiovale, OR; odds ratio, Cl; confidence interval, PET; positron emission

tomography, WMH; white matter hyperintensity.
°Low versus high degree.
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Table 4. Comparison of demographics, clinical characteristics and ePVS between f-amyloid positive and negative groups

Characterisitc Amyloid positive (n=127) Amyloid negative (n=165) p-value
Age (years) 72.2481 712+10.3 0.681
Sex

Male 56 (33.9) 44 (34.6) 0.900

Female 109 (66.1) 83 (654) 0.900
Age at onset (years) 68.4+89 66.1£12.2 0.168
EOCD 46 (27.9) 45 (35.4) 0.167
LOCD 19 (72.7) 82 (64.6) 0.167
Education (years) 99+48 9.7+48 0.751
APOE E4

Negative 59 (36.2) 89 (72.4) <0.001

Positive 104 (63.8) 34 (27.6) <0.001
Diagnosis

ADD 101 (61.2) 32 (25.2) <0.001

Mcl 54 (32.7) 52 (40.9) <0.001

OND 424) 35 (27.6) <0.001

SCD 6 (3.6) 8(6.3) <0.001
MMSE 20.7£6.1 224155 0.005
CDR 1.0+0.7 0.8+0.5 0.007
Attention_z -04+12 -0.3+12 0.666
Language_z -1.5+2.7 ={lEE3 ] 0.555
Visuospatial_z -2.5+33 -22+2.8 0.725
Memory_z -2.3+14 -1.7416 0.001
Executive_z -2.5+23 -2.1+2.4 0134
Diabetes

No 146 (88.5) 97 (77.6) 0.013

Yes 19 (11.5) 28 (22.4) 0.013
Hypertension

No 103 (62.4) 66 (52.8) 0.100

Yes 62 (37.6) 59 (47.2) 0.100
Hyperlipidemia

No 132 (80.0) 102 (81.6) 0.732

Yes 33 (20.0) 23 (18.4) 0.732
Lacune

No 131(83.4) 80 (72.1) 0.025

Yes 26 (16.6) 31(27.9) 0.025
Microbleed

No 17 (71.8) 99 (79.8) 0117

Yes 46 (28.2) 25 (20.2) 0117
WMH volume (mm?) 10,570.8+21,674.1 8,655.7+10,825.5 0.775
ePVS BG mean 94188 10.9+8.8 0.023
ePVS BG severity 0.038

Low 113 (68.5) 72 (56.7)

High 52 (31.5) 55 (43.3)
ePVS CSO mean 10.3£6.6 9.6+7.0 0.193
ePVS CSO severity 0.167
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Table 4. Continued

Characterisitc

Amyloid positive (n=127)

Amyloid negative (n=165) p-value

Low 92 (55.8)
High 73 (442)

81(63.8)
46 (36.2)

Values are presented as meanz+standard deviation or number (%).

ePVS; enlarged perivascular space, EOCD; early onset cognitive decline, LOCD; late onset cognitive decline, APOE; apolipoprotein E, ADD; Alzheimer’s
disease dementia, MCI; mild cognitive impairment, OND; other neurodegenerative diseases, SCD; subjective cognitive decline, MMSE; mini-mental state
examination, CDR; clinical dementia rating, WMH; white matter hyperintensity, BG; basal ganglia, CSO; centrum semiovale.

Table 5. Logistic regression analyses for predictors of amyloid positivity

Variable B OR (95% Cl) p-value
Sex -0.044 0.957 (0.478-1.914) 0.900
Age 0.008 1.008 (0.963-1.055) 0.728
APOE E4 status 1.805 6.078 (3.022-12.226) 0.000
WMH volume 0.000 1.000 (1.000-1.000) 0.497
MCF? -0.930 0.395 (0.192-0.812) 0.012
OND® -2.816 0.060 (0.014-0.261) 0.000
SCD* -1.329 0.265 (0.048-1.445) 0.125
BG-ePVS -1.092 0.336 (0.158-0.715) 0.005
CSO-ePVS 0.855 2.351(1.162-4.759) 0.017

OR; odds ratio, Cl; confidence interval, APOE; apolipoprotein E, WMH; white matter hyperintensity, MCl; mild cognitive impairment, OND; other
neurodegenerative diseases, SCD; subjective cognitive decline, BG; basal ganglia, ePVS; enlarged perivascular space, CSO; centrum semiovale.
°Logistic regression analysis used a dichotomous amyloid status as outcome and included the covariates sex, age, APOE E4 status, WMH volume, and

diagnostic group with Alzheimer’s disease dementia as the reference variable.
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F 4= 193 (odd ration [OR], 2.351; 95% confidence in-
terval [CI], 1.162-4.759; p=0.017), BG-ePVS7} &2 ©H4|
U5 ofhRo|E Fg9] B2 HoJFTHOR, 0.336; 95%
CI, 0.158-0.715; p=0.005) (Table 5).
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